The antimicrobial activity
Introduction
Widespread use and misuse of antibiotics have caused the emergence of drug resistant bacteria, which is a serious threat to public health. In addition, the emergence of multidrug resistant gram-positive bacteria, including methicillin-resistant Staphylococcus aureus (MRSA), is a serious concern for microbiologists. Therefore, recent efforts have been intended for exploring novel antibacterial agents to deal with resistant bacteria.
After the isolation of Murrayanine (3-formyl-1-methoxycarbazole), a carbazole alkaloid having promising antibiotic properties, from Murraya koenigii Spreng by Chakraborty et al. It has been observed that carbazole ring is present in a variety of naturally occurring medicinally active substances. Though Carbazomycin B was found to be most potent among the carbazomycins, both Carbazomycin A [1] and Carbazomycin B [2] inhibit the growth of phytopathogenic fungi and exhibit antibacterial and antiyeast activities (8). Inhibitory activity of Carbazomycin B [2] and Carbazomycin C [3] against 5-lipoxygenase were also observed (19). Carbazomycin G [7] , having unique quinol moiety, shows antifungal activity against Trichophyton species (14). Recently we have reported that 3-methyl-1H-carbazole-1,4(9H)-dione and 6-methoxy-3,7-dimethyl-2,3-dihydro-1H-carbazole-1,4(9H)-dione both having unique quinone moiety, exhibited antibacterial activity (20).
Close scrutiny of various carbazole derivatives and their effective anti-microbial activity help us to understand that the structurally rigid carbazole nucleus having extensive π-conjugated system (21) with desirable electronic charge transfer properties along with the presence of indole moiety exhibit diverse biological activities such as antibacterial (22,23), antifungal (24,25), antiviral (26), anticancer (27) and various other activities. Besides the general biological activity, carbazole-1,4-quinones have highest anti-TB activity (28,29).
It has also been reported that selective bioactivity is highly responsible due to the positioning of functional groups like -H,-OH and -CH 3 (30). Structure elucidation of Carbazomycin G and H revealed that both have methyl substitution at C-2. In addition, it is worth mentioning that several 3-methylcarbazole alkaloids (31, 32) have also been isolated from higher plants and the oxidative functional variants of 3-methyl group such as CH 2 OH, CHO, COOH and COOCH 3 have been encountered in various alkaloids. Again it has been noticed that the presence of any electron withdrawing group, especially chloro group, in the aromatic ring of the carbazolo-quinones enhances the polarity, solubility as well as stability of the nucleus.
Exploring this concept of functional group assisted reactivity, oxidizing property of the quinone moiety and polarity of the chloro group, we have synthesized two regioisomers: 6-chloro-2-methyl-1H-carbazole-1,4(9H)-dione [9] and 6-chloro-3-methyl-1H-carbazole-1,4(9H)-dione [10] possessing methyl group at 2 and 3 position respectively (Fig. 2 ). 
II.
Materials and Methods 1.1 Materials: All starting chemical compounds were obtained from Aldrich. Nutrient broth, agar powder and antibiotic disks were purchased from Himedia. Dimethylsulphoxide (DMSO) was purchased from E. Merck. Compound 9 and compound 10 used in this work were synthesized in our laboratory.
1.2
Synthesis of compound 9 and compound10: A solution of methyl substituted cyclohexanones [11] in dry ether was treated with ethyl formate along with metallic sodium in presence of one drop of ethanol to furnish formyl derivatives 12 via Claisen condensation (33). Subsequent condensation of 12 with suitable phenyldiazonium chloride [13] yielded corresponding methyl-phenylhydrazono-cyclohexanone derivatives [14] under Japp-Klingemann condition (34). Further acid catalysed Fischer Indole Cyclisation (34) of 14 in concentrated hydrochloric acid and glacial acetic acid yielded corresponding ketotetrahydrocarbazole [15] . Ultimately, the desired carbazoloquinones 9 and 10 were obtained by CAN-SiO 2 mediated oxidation (35) of 15 at room temperature (Scheme 1). 
1.3
Procedure for CAN-SiO 2 Mediated Oxidation of 15 to obtain quinones 9 and 10: A solution of cericammonium nitrate (CAN, 15 mM) in dry acetonitrile (50 mL) was mixed with silica gel 60 -120 mesh (45 g). On evaporation of solvent at room temperature a reddish free flow reagent was obtained. A solution of 15 (2.5 mM) in dichloromethane (35 mL) was thoroughly mixed with the reagent followed by aerial evaporation of solvent. The reaction mixture obtained after overnight incubation at room temperature was then extracted with dichloromethane (4x50 mL). The solvent was then removed to evaporation. The reddish brown solid thus obtained was chromatographed over silica gel (30 g ) by eluting first with hexane and then with dichloromethane-hexane (3: 2). The eluent of dichloromethane-hexane fraction on evaporation afforded a red coloured solid. This was further purified through crystallization from dichloromethane-hexane mixture to furnish 9 and 10. 
Bacterial cultures: Bacterial cultures of

1.5
Inoculum preparation: Inoculums were prepared by transferring three to five well-isolated colonies of identical morphology to 5 mL sterile nutrient broth from the respective nutrient agar plates. The broth cultures were then incubated for 24 h at 37°C. Before the addition of inoculum the turbidity of the actively growing bacterial suspension was adjusted to match the turbidity standard of 0.5 McFarland units.
1.6
Antibacterial activity assay: The antibacterial activity of compounds is studied as per standard agar well diffusion method (NCCLS 2000) . Approximately 20 mL of molten Nutrient agar were poured in to sterile Petri dish and allowed to solidify. The bacterial suspension (10 6 CFU/ mL) was inoculated uniformly onto the surface of agar plates and wells of uniform diameter were made on the solidifying agar media by the sterile borer. Test compounds were dissolved in DMSO and sterilized by filtration through 0.22 mm sterilizing Millipore express filter (Millex-GP, Bedford, OH, USA). Concentrations of the antimicrobial agents used for this assay were 2560 µg/ mL, 1280 µg/mL and 640 µg/ mL. 100 µl of particular dilutions were dispensed into the individually labeled wells. The plates were then kept in the refrigerator at 8-10 °C for proper diffusion of compounds into the media. After 1 h of cold incubation, the petri plates were transferred to incubator and maintained at 37 °C for 24 h. After overnight incubation, results were interpreted in terms of diameter (mm) of zone of inhibition surrounding the wells. Experiments were performed in triplicate for each test concentrations. The derivative that showed significant growth inhibition zone was further evaluated for their minimum inhibitory concentration (MIC) using standard broth dilution technique. The MIC is defined as the lowest concentration of a compound at which the visible growth of the organism is completely inhibited. Control experiments with DMSO and uninoculated media were run parallel to the test compounds under the same conditions.
III. Results and Discussion
The result of antimicrobial screening of our synthesized compounds, 6-chloro-2-methyl-1H-carbazole-1,4(9H)-dione [9] and 6-chloro-3-methyl-1H-carbazole-1,4(9H)-dione [10] by agar well diffusion method are shown in Table 1 . From the data of the appraisal of zone of inhibition it is clear that compound 10 posses no antimicrobial activity against the tested organisms but compound 9 showed the promising activity against Staphylococcus aureus (MTCC 96) and Methicillin-resistant S. aureus (MRSA). Concentrations : A= 2560µg/ mL; B= 1280µg/ mL; C= 640 µg/mL. Zone of inhibition given in mm (diameter). NA : no inhibitory activity.
As the compound 9 showed clear zone of inhibition, it's minimum inhibitory concentrations against these two microorganisms were determined by standard broth dilution method. Experimental results of the broth dilution method which was employed for the determination of MIC value of the compound 9 against Staphylococcus aureus (MTCC 96) and Methicillin-resistant S. aureus (MRSA) are represented in Table 2 and  Table 3 respectively. It is clear from the experimental results that compound 9 has the MIC value of 100 µg/ mL against S. aureus (MTCC 96) and 50 µg/ mL against methicillin-resistant S. aureus (MRSA). As compound 9 is highly sensitive against methicillin-resistant S. aureus, this fact is very reassuring as the -super bug‖ MRSA has a significantly lower MIC value for this compound. So, our preliminary work gives an idea that 6-chloro-2-methyl-1H-carbazole-1,4(9H)-dione [9] may be effectively useful in combating methicillin-resistant Staphylococcus aureus (MRSA), which has presently acquired resistance against many well-known antibiotics. The difference in activity between these two compounds having similar chemical skeleton, may be attributed due to the positioning of -CH 3 group. We can also infer that compounds having the methyl group as substituent at C-2 position, exhibit anti-staphylococcal activity rather than their C-3 counterpart.
Though it has been reported that several 3-methyl carbazole alkaloids isolated from higher plants and their oxidative functional variants exhibited some biological activities, this experimental results finally strengthen our hypothesis that methyl group at C-2 is more effective as antibacterial agent than that at C-3. This structure-activity relationship is in accordance with the carbazomycins which has methyl group at C-2 having pronounced biological activities.
IV. Conclusion
The present research work fuel up the carbazole compounds with this new derivative 6-chloro-2-methyl-1H-carbazole-1,4(9H)-dione [9] , which showed excellent activity against methicillin resistant Staphylococcus aureus (MRSA). Uniqueness of this synthesized compound having methyl group at C-2 and chloro group at C-6 enriched the existing information of functional group assistance reactivity. Further research will be carried out using this synthetic tool to assist drug and development process which will provide future effective antimicrobial agent to fight against drug resistance bacteria.
